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(including Donatia J. R. & G. Forster). Two noncampanulaceous members of

the order are represented in the Southeast. Scaevola Plumieri (L.) Vahl (Goo-

deniaceae) is native to southern Florida and other tropical and subtropical

areas outside of the Southeast (see Brizicky), and Sphenoclea zeylanica Gaert-

ner (Sphenocleaceae) is a species of the Old World tropics that is widely nat-

uralized in warm regions of the Western Hemisphere, including most of the

Coastal Plain of North America (see preceding treatment). Carolin (1978) sum-

marized arguments for a saxifragalean origin of the Campanulales (Thome

placed his Stylidiaceae near the Saxifragaceae), while Cronquist favored con-

sideration of the Solanales or their close relatives.

Several botanists have suggested a relationship between the Campanulaceae

and the Goodeniaceae, primarily because of similarities in embryology and in

the mechanism of pollen presentation. However, the embryological similarities

are based on some rather widely distributed character states, and the families

differ in certain other embryological features (Vijayaraghavan & Malik). The

stylar structures involved in pollen collection (a cup, or indusium, in the Goo-

deniaceae; hairs in the Campanulaceae) were thought by Carolin (1960) and

Cronquist to be analogous. Furthermore, Carolin (1978) has argued that the

inferior ovaries of the two groups are not homologous. In his opinion, in the

Campanulaceae (where some genera have an extension of the floral tube above

the ovary), epigyny resulted from the fusion of a preformed tube of sepals,

petals, and stamens to the ovary, while in the Goodeniaceae (where there is

no extension above the ovary and, in some genera, a progressive departure of

sepals, petals, and stamens from the tube), epigyny resulted from the centrifugal

adnation of these parts.

The Goodeniaceae also differ from the Campanulaceae in their more complex

cambial anatomy; in the absence of a latex system; in the presence of scler-

enchymatous idioblasts (in leaf mesophyll, sometimes in stem cortex as well)

and glandular trichomes (Metcalfe & Chalk, 1950; but some species of Lobelia

have glandular trichomes on the calyx lobes); in their lack of nectaries (but see

Carolin, 1959) and of haustoria in the endosperm (Vijayaraghavan & Malik);

in the absence of cystoliths (Cronquist); in their pollen (see below); in their

complete lack of ellagic acid and tannins (Cronquist); and in the presence of

iridoids (Dahlgren et al., Jensen et al.). Jensen and colleagues discovered seco-

iridoids in two genera of Goodeniaceae (including Scaevola ) and therefore

concluded that the group should be recognized as an order distinct from the

Campanulales and more closely related to the Gentianales, Dipsacales, and/or

Comales. Vijayaraghavan & Malik also favored a unifamilial Goodeniales,

primarily on embryological grounds, but considered it very close to the Cam-

panulales.

Someauthors have proposed an origin of the Goodeniaceae within the Lobe-

lioideae. However, although both groups have zygomorphic corollas with slits,

the slit in the sympetalous corolla is made adaxial by resupination in the

Lobelioideae, while in the Goodeniaceae it is adaxial and there is no resu-

pination. Furthermore, the two-locular ovary of these groups is characteristic

of a number of diverse families, and it has been interpreted by Carolin (1960),

primarily on the basis of vascularization, to have been derived from two carpels
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Candolle’s sect. Eucodon were also found to be of this cytotype. Boissier’s

sections, on the other hand, were considered to be cytologically heterogeneous.

Sugiura’s proposal of two groups differing in base chromosome number and

leaf shape was regarded as untenable by Gadella, who (for reasons that do not

appear to be completely justified) indicated instead that a classification based

on a combination of characters, including chromosome length and base num-
ber, basal leaf shape, and location of capsule dehiscence, seemed justified.

Accordingly, Gadella established seven informal groups of species that differ

in base chromosome numbers. Since a majority of the species of Campanula

were not considered and the relationships involved were unclear, the arrange-

The chromosome numbers characterizing some of Gadella’s groups have

been determined subsequently in more distantly related species; in some cases

the same number has been differently and independently derived as well. Never-

theless, Contandriopoulos considered Gadella’s approach to be well founded

and proposed a phylogeny based on cytology, morphology, life cycle, and geo-

graphic distribution that reflected the exceedingly complex cytotaxonomy of

Campanula and suggested how Gadella’s groups might be interrelated. The

base chromosome numbers 5, 6, 7, 8, and 9 were considered to be primary; 8

was thought to be the ancestral number, perhaps evolved independently of 9

but more directly linked to the others. A secondary base number, 1 7, is char-

acteristic of a great many species in the genus (and in the family as well—

several genera have only species with this number). Contandriopoulos rejected

the idea that x = 1 7 resulted from amphiploidy involving plants with either

x = 7 and x = 10 or x = 8 and x = 9 and accepted as plausible the hypothesis

of Bocher (1960), who considered 17 to have resulted from a single trisomy in

the 2n = 16 cytotype (see, however, Sugiura; Gadella, 1963, 1964).

Fedorov’s classification of Campanula is usually considered to be the most

natural, apart from the questionable division of the genus into two sections

based on the location of capsule dehiscence. Gadella (1964) regarded it as

artificial only for those subsections between which members had been suc-

cessfully hybridized (by him). Since only two of our species, both naturalized

in the Southeast, are from the Old World, application of Fedorov’s system to

the others is unclear. With the possible exception of C. Robinsiae Small, the

species indigenous to our area are restricted to North America and are probably

unrelated to any in the Old World.

The most recent enumeration of the North American species of Campanula
was provided by Shetler (1963). Of the 20 native species, 16 were indicated

to be endemic to a portion of the continent, two were amphi-Atlantic, and two

were circumpolar. Three European species (excluding C. persicifolia L., below)

were considered to have escaped from cultivation and to have become natu-

ralized in (unnamed parts of) North America.

Three or four species (depending on taxonomic interpretation) of Campanula
are indigenous in the Southeast, while the origin of C. Robinsiae has yet to be
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occurring in the Southeast. Artificial hybrids between C. persicifolia and the

closely related C. latiloba DC. were sterile (Gadella, 1967).

The apparent absence from the Southeast of the extremely polymorphic and

circumboreal Campanula rotundifolia L. is somewhat surprising, since it occurs

throughout North America, with the most notable exception of the extreme

Southwest and our area (Shetler, 1 979b). It grows in Missouri in moist, shaded,

north-facing crevices of limestone in the southeastern Ozarks (Shannon Co.)

within about 40 miles of Arkansas (Steyermark), as well as in western Texas

and parts of Mexico (Shetler, 1979b).

Pollen in Campanula is binucleate when shed (Brewbaker). It is generally

spherical to suboblate (occasionally subprolate) and has three or four usually

equatorial pores. Usually the surface bears spines that vary in size (particularly

between species) and are superimposed on a fine reticulum. It is notable that

pollen of C. americana has 12 pores distributed more or less equally over the

entire surface of the grain and that in sexine pattern it is similar to that of

Wahlenbergia and certain other genera of the Campanulaceae (Dunbar, 1 975b).

An extensive literature dealing with the reproductive biology of Campanula,

including a debate concerning the relative importance of autogamy in the genus,

has been thoroughly reviewed by Shetler (1979a). Species of Campanula were

often thought not to be insect pollinated and/or not to be allogamous, primarily

because of the way in which the pollen is presented. While the flower is still

in bud, the coherent anthers begin to shed pollen introrsely onto retractile hairs

on the apical portion of the style. During anthesis pollen is carried aloft out of

the anther tube as the base of the style elongates; the stigmas do not normally

spread until all of the hairs and pollen grains have disappeared from the style.

Nevertheless, the deposition of pollen on the style and the retraction of the

trichomes have often been thought to constitute self pollination and to lead to

self fertilization by growth of pollen tubes directly into the style. Other argu-

sometimes overlap in individual flowers (and that in such cases exiting insects

could transport pollen from style to stigma), that pollen could fall from styles

to stigmas in pendent flowers, and that recurving stigmas could eventually

come in contact with the style. Autogamy could also be effected by insects in

multiflowered species, since floral development is sequential. Despite these and
other hypotheses that have generally not been supported by observation, most

evidence indicates that cross pollination (and subsequent fertilization) by in-

sects is the rule within the genus. (For a list of pollinators, see Knuth.)

The flowers of Campanula show adaptations usually associated with insect

pollination, including blue or violet, campanulate or tubular corollas; nectar

and a means of protecting it from visitors that do not enter the flower in a way
likely to effect pollination (the broad, triangular filament bases form a dome
over the nectary such that entrance to it can best be gained near the style after

passage by pollen and stigma); proterandry; and echinate pollen. Gadella (1 964)

found that among 2 1 species tested, spontaneous self fertilization occurred in

only two (including one population of C. persicifolia) when flowers were bagged,

and that mature seeds were produced in only one of 1 8 species artificially self

pollinated.
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Narrower debates have centered on the adaptive significance of the method

of pollen presentation in Campanula, and in particular on the fact that the

collecting hairs retract. The mechanism of presentation may prevent pollen

gathering by nonpollinating visitors, and/or it may insure that pollen is de-

posited on pollinators in places most likely to come in contact with stigmas of

the same species, thus contributing to pollen economy and perhaps to repro-

ductive isolation as well (Brantjes). It seems clear that the hairs serve to hold

the pollen in place as it is removed from the anther tube, but it has been

suggested that they may also help in the exit of small insects from the corolla.

The retraction of the collecting hairs, a feature probably unique to the Cam-
panulaceae, involves an invagination of the apical portion of each hair into its

basal portion that is thought to be irreversible and osmotically induced (see

Shetler, 1 979a). Although this may be a mechanism by which pollen is brought

into contact with the stylar tissue, it has been shown that the hairs do not

function in this way and that pollen tubes are only able to penetrate the style

through the stigmatic surfaces. The lack of evidence for spontaneous autogamy

also argues against stylar pollination and, therefore, against the proposal that

retracting hairs help to bring it about.

Retraction of the collecting hairs is not likely to facilitate pollen release to

visiting insects and does not result from mechanical stimulation (but see Caro-

lin, 1960), although pollen removal and hair retraction are simultaneous and

do not occur to any great extent in the absence of insect visitors. Nevertheless,

the hairs probably enhance the likelihood of pollination by holding pollen on

the style in the path of nectar-seeking visitors. Retraction, therefore, may be

of no real significance, but simply the consequence of some physiological change

perhaps brought about by the pollinator.

Many species of Campanula, especially those with large flowers (e.g., C.

americana, C. persicifolia, C. rapunculoides), are cultivated for their orna-

mental value, and some, including C. americana, have been investigated as

sources of latex in the production of rubber (Buchanan et al., 1978a, 1978b).

References:

Under family references see Asen et al., Bailey & Lawrence, Barnes, Boissier,

Brantjes, Brewbaker, A. de Candolle, A. P. de Candolle, Carolin (1960),

Contandriopoulos, Crook, Cruden, Damboldt, Diggs, Dunbar (1975b), Fedorov,

Gadella (1966b), Knuth, Radford et al. Schonland, Small, Sugiura, Teslov (1977a,

1977b), Teslov & Teslov, Teslov & Zapesochnaya, Teslov et al., Tutin, and Ward.

Abrami, G. Life cycle and temperature requirements of seven herbaceous species. Giom.
Bot. Ital. 105 : 295-318. 1971. [C. rapunculoides stoloniferous.]

. Optimum mean temperature for plant growth calculated by a new method of

summation. Ecology 53 : 893-900. 1972. [Experiments included C. rapunculoides .]

Accorsi, C. A., & L. Forlani. Schede per una flora palinologica Italiana. Contributo

n. 4 : schede di nuova impostazione. Arch. Bot. Biogeogr. Ital. 52 : 58-111. 1976.

[C. rapunculoides, schede 36.]

Alexander, E. J. Campanula divaricata. Addisonia 21 : 13, 14. pi. 679. 1939. [Color

Alfnes, A. T. Dispersion of especially troublesome weeds in nursery stock. (In Nor-

wegian.) Gartneryket 658 ( 48 ): 772-774. 1975. [C. rapunculoides .]
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mmwide), flatly lenticular, smooth, highly polished seeds. It occurs in a variety

of habitats in Louisiana, western Arkansas, southern Missouri, and eastern

Oklahoma. Triodanis texana, with quadrangular, roughened seeds, occurs mostly

in sandy soils in woods, pinelands, and plains and has a distribution in eastern

Texas that closely approaches southwestern Louisiana. (It is evidently unknown
from our area.) Triodanis Holzingeri, distinguished from the preceding species

by linear (vs. broadly elliptic to rounded) capsule openings, occurs in prairies

in the central United States. Although McVaugh (1945b) reported an outlying

station in southwestern Tennessee, I have seen no specimens of this species

from the Southeast.

Triodanis leptocarpa (Nutt.) Nieuwl. is easily recognized by its lanceolate to

linear leaves subtending the axillary inflorescences (often appearing as flower

bracts in the case of one-flowered inflorescences) and its long, narrow capsules

with openings near the top. It is a prairie plant of the central United States

that enters our area in western Arkansas and Louisiana. Bradley 3281 (ny),

from a roadside in Missouri, is intermediate between T. leptocarpa and T.

perfoliata in the shape of leaves subtending inflorescences and in the position

of capsule openings.

Cytological evidence supports the recognition of Triodanis (Gadella, 1966b)
in that both Specularia speculum A. DC. (the type of Specularia) and S. pen-
tagons (L.) A. DC. (an enigmatic species returned to Campanula by McVaugh
[1945b]) are In = 20, while Triodanis falcata (Ten.) McVaugh (Mediterranean
region) is In = 26 and T. perfoliata and T. biflora are 2n = 56. These data

also suggest that two infrageneric taxa may be recognizable in Triodanis, one
comprising T. falcata and the other made up of the NewWorld species.

Gray proposed that the American species of Triodanis were divisible into

two sections based primarily on placentation and capsule shape. Accordingly,

he placed T. biflora (placentation axile, capsules elliptic) in one and T. lepto-

carpa (placentation parietal, capsules narrowly elliptic) in the other. It is notable

that in T. perfoliata placentation in a single ovary may grade from nearly

parietal in the upper part to axile toward the base (Figure Id, e), suggesting

that the proposed sections of Gray are untenable.

Bradley scored individuals of Triodanis perfoliata and T. biflora obtained

from natural populations in the Southeast and grown under uniform conditions,

as well as the offspring resulting from various crosses involving these plants

(selfing, F, and F2 hybrids, and backcrosses to both parents), for each of the

characters mentioned above. Since a range of values extending from one ex-

treme to the other was obtained for each character and since the hybrids were
fertile, Bradley considered the plants involved to be conspecific. However,
because of the persistence, despite interbreeding, of the combination of three

traits characterizing T. biflora (which Bradley attributed to linkage and the

high degree of self fertilization resulting from low numbers of chasmogamous
flowers), he chose to recognize this taxon as T. perfoliata var. biflora (Ruiz &
Pavon) Bradley. Ward, however, rejected this view and chose instead to main-
tain the species as distinct because other workers had not expressed difficulty

in separating them and because his own observations revealed few or no in-

termediates. Ward also indicated that isolating mechanisms were clearly op-
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erating in the field and that treating these taxa as varieties would constitute

too great an expansion of the original meaning of that rank.

The inflorescence characters discussed above have been found to be suscep-

tible to environmental modification. Data obtained by Trent (1940b) for

Triodanis perfoliata indicated that, although cleistogamous andchasmogamous

flowers increased in number at equal rates with increasing photoperiod, chas-

mogamous flowers increased more quickly than cleistogamous ones with in-

creasing light intensity. Since in both cases cleistogamous flowers outnumbered

chasmogamous ones, the proportion of all flowers that were chasmogamous

was greater when both photoperiod and light intensity were increased. Bradley

reported that while the number of chasmogamous inflorescences in T. perfoliata

could be reduced to two by poor habitat conditions, T. biflora produced only

two even under good conditions.

The structure of the flower in Triodanis perfoliata is extremely variable

(Trent, 1940a). Amongchasmogamous flowers sepals, petals, and stamens vary

in number (two to seven sepals, one to six petals, and one to six stamens) and

include both normal and vestigial parts, while the ovary is consistently three-

locular. Cleistogamous flowers are less variable (three to six sepals, three to

five petals, and one to five stamens), with sepals always normal, petals always

vestigial, and stamens either normal or vestigial; the ovary is either two- or

three-locular.

Trent (1942) compared the anatomy of cleistogamous and chasmogamous

flowers of Triodanis perfoliata. The ovules and seeds of both were found to

conform to the types seen throughout the Campanulaceae, although chasmog-

amous flowers were determined in general to produce more ovules (80-290)

than cleistogamous ones (31-1 80). Each type of flower was found to produce

both binucleate and (less frequently) trinucleate pollen, but differences in pol-

lination were reported. Fertilization was observed in chasmogamous flowers

in a few instances but never in cleistogamous ones, in which some evidence

for parthenogenesis was reported (pollen grains were observed to germinate

within the anthers and to grow through the anther wall but only as far as the

adjacent stigma). Although embryo development in T. perfoliata appeared to

conform to the “Capsella type” (= Crucifer type?), something closer to what

is usually termed the Solanad type (characteristic of the Campanulaceae) was

described (the basal cell results in a suspensor of 5 or 6 cells). Triple fusion

may or may not occur, and endosperm development was reported to be the

walled (= cellular) type. Finally, a greater percentage of seeds germinated from

chasmogamous flowers than from cleistogamous ones (47.5 percent vs. 0.07

percent), while ungerminated seeds from both types of flowers usually had

endosperm but no embryo, indicating that endosperm may have developed

without fertilization.

Species of Triodanis are easily propagated, evidently either by seed or veg-

etatively, and are sometimes grown in flower gardens (Bailey et al).

Under family references see Bailey et al, Chittenden, Gadella (1966b), Greene &
Blomquist, Mark, McVaugh (1945b), Oosting & Anderson, Taylor, and Ward.
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As it is presently understood, however, the genus includes only 5-
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a native of Europe and the Mediterranean region (including parts of northern

Africa). Although widely distributed in its native range (to as far as 62° N
latitude, and from low elevations more sporadically to the subalpine and alpine

zones), the species appears to be most abundant in areas with an oceanic

climate. It is best adapted to full sun and well-drained soils (Bailey et al.) and

is therefore most frequent on sandy soils in pine woods, stabilized dunes, heaths,

and dry, grassy places (Kovanda). Of several infraspecific taxa that have been

described in this variable species, only two appear to be tenable. Varietas

montana is a diploid, 2n= 12, and a strict calcifuge, while var. litoralis Fries,

2n = 14 (an aneuploid), is known only from saline soils in northern Europe;

the typical variety is unknown from such habitats (Kovanda; see Tutin re-

garding var. littoralis Boiss., evidently a different taxon).

In North America Jasione montana has become established mostly along

the east coast from Massachusetts to North Carolina, where it demonstrates

the same climatic and ecological affinities prevalent in Old World populations

of var. montana. Although the species was established and spreading on Long

Island by 1925 (Burnham & Latham), it seems to have remained unknown in

the Southeast until more recently. It was not included for this region by Small

(1933) but was listed about 30 years later by Radford et al. as a roadside rarity

from Moore Co., North Carolina.

The base chromosome number in Jasione appears to be x = 6 (Kovanda).

Although diploids, tetraploids, hexaploids, and decaploids (i.e., 2 n = 12, 24,

36, and 60) have been reported, polyploids are evidently unknown in J. mon-
tana. Parnell (1982a) found a relatively low recombination index (number of

haploid chromosomes plus average number of chiasmata per meiotic cell) and

a high percentage of terminal chiasmata in J. montana, each considered an

alternative to self fertilization (see discussion of breeding biology, below) as a

means of bringing about a temporary reduction in the level of genetic recom-

bination.

According to Parnell (1982b), Poddubnaya-Amoldi showed that the pollen

of Jasione montana is binucleate. Dunbar (1973b) found it to be similar to

that of Campanula in shape (spheroidal) and aperture type and number (3 or

4 pores), but different in that the basal divisions of the spinules are less pro-

nounced, the sculptured elements are in a more irregular pattern, the pores

lack opercula, and the tectum is perforated. Pollen inviability was shown to

vary within inflorescences, among flowers maturing at different times, and

within populations of J. montana. Plants with very high percentages of inviable

pollen (up to 99 percent), as well as completely male-sterile plants, are evidently

sporadically distributed throughout the range of the species (Parnell, 1982b).

The ovule of Jasione montana in general conforms to that characteristic of

the Campanulaceae (see Berger & Erdelska; Erdelska, 1968), except that the

integument is so transparent that it is possible to study the living embryo sac

(Erdelska, 1968). While the megagametophyte is generally of the Polygonum
type, the position of the egg cell is possibly unique among angiosperms in that

it usually appears to be separated from the embryo sac wall by the synergids

(Berger & Erdelska). Embryogeny appears to be of the Solanad type (see Soueges).

The breeding biology of Jasione montana was studied in detail by Parnell
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lobes, x 2; c, flower with corolla removed, filaments monadelphous except at base,

stigmas just beginning to expand, x 2; d, anther tube formed by connation, the lower 2

anthers shorter and tufted, x 4; e, cross section of anther tube after dehiscence, style in

center, x 6; f, tip of style with stylar brush and unexpanded stigmas at time of anther
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Kansas. Lobelia Gattingeri is known only from a small area in the limestone

Boykinii Torrey & Gray and L. Canbyi Gray, both 2w = 14, have linear, sessile,
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giana McVaugh) also occurs in this region but extends onto the Coastal Plain

as well, into parts of western Florida and adjacent areas and eastern North

Carolina and Virginia. A plant of tidal marshes but also occurring in swamps

and on low ground near the coast, L. elongata is known from the area between

Georgia and Delaware.

Four medium- to large-flowered species are diploids {In = 14). Lobelia

brevifolia Nutt, ex A. DC. (leaves numerous, short, sessile, divaricate to slightly

ascending, short pectinate) and L. puberula 13 (usually with relatively dense

stem pubescence) were thought by Bowden (1959b) to have been segregated

relatively early in the history of the genus in the southeastern United States.

Nevertheless, a close relationship is indicated by the frequency with which they

hybridize (Bowden, 1 961b; McVaugh, 1936; Ward). Individuals of both species

usually have rather weak, unbranched stems, but the calyx auricles of L. brevi-

folia are broad and foliose and usually cover the calyx tube completely, while

those of L. puberula are generally much smaller. Holroyd stated that the pres-

ence of medullary bundles in the stem is probably diagnostic for L. puberula,

although this feature is apparently rare or unreported for the Lobelioideae in

general (Metcalfe & Chalk, 1950). Bowden (1960a) discovered a haploid seed-

ling among the progeny of one of his experimental crosses, indicating a low

frequency of parthenogenesis in L. puberula.

Lobelia puberula occurs in wet places and various kinds of soils in woods,

on low ground, and in thickets throughout most of the southeastern United

States and adjacent areas. Turner reported it from a “bog” in eastern Texas,

intermingled with what he considered the strikingly dissimilar, though closely

related, L. Reverchonii Turner, a species that enters our range in Louisiana

(Rapides Parish). It differs from L. puberula in having greater distances between

lower flowers (2.5-5 cm), densely hirsute pedicels and calyx bases, recurved

lower corolla lobes, and longer corollas (9-1 5 mm)and anther tubes (4-6 mm).

Lobelia brevifolia usually grows on damp, sandy soils in pinelands and is

restricted to the Coastal Plain from the Florida panhandle to eastern Louisiana,

usually near the coast. McVaugh (1936) indicated that on the basis of flower

structure this species is related to L. glandulosa.

Lobelia siphilitica, 2n = 14, and L. cardinalis, the other two diploid species

in Bowden’s medium- to large-flowered line, generally produce larger flowers

than do any other species of Lobelia in the Southeast. Although strong mor-

phological characters separate them, plants of each species are perennials and

may be unique among southeastern members of Lobelia in that they form offset

shoots (see, however, Holroyd, who stated that L. in/lata and others also

demonstrate this type of vegetative reproduction). Bowden considered each to

be relatively recently evolved and to have shared a commonancestor with no

other extant species. Artificial hybrids between the two are well known (e.g.,

Ames, 1903; Bowden, 1961a, 1964a, 1964b), but natural hybrids are evidently

quite rare, though rather frequently reported (Bowden, 1964a; Ferreniea;

lorphologic/geographic
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Bowden (196 la, 1 961b) reported the results of some 1400 attempted crosses

involving 21 species of subsect. Lobelia (all but two of which occur in the

Southeast) and 82 of a possible 420 species pairings. No hybrids involving L.

Lobelia and presented a detailed account of these and related topics (including
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pollen) based on material of L. amoena 14 from the Carolinas. In general features

of ovule and seed development, Lobelia conforms to the Campanulaceae as a

whole, but there are some notable peculiarities. Cooper reported that in L.

cardinalis the synergids and antipodals function as the chalazal and micropylar

haustoria, respectively (sic; reversal of order probably inadvertent), instead of

the usual condition (in angiosperms) in which the haustoria differentiate from

cells of the endosperm (see, however, Subramanyam, 1952). However, Ma-
heshwari determined that the synergids and antipodals in L. trigona Roxb.

disintegrate at the time of fertilization, and that both kinds of haustoria develop

from cells of the endosperm (see also Kausik, 1935; Kausik & Subramanyam,

for L. nicotianifolia Heyne); Subramanyam (1951) later showed the same con-

dition in L. cardinalis. Truly haustorial synergids probably only occur in a few

species of Compositae (although detailed and illustrated accounts are lacking),

according to Maheshwari, who also reported that the haustoria are formed

from the endosperm in Wahlenbergia gracilis and Sphenoclea zeylanica.

Hewitt’s account of ovule and seed development in Lobelia amoena is gen-

erally consistent with those provided for other species of Lobelia, including L.

nicotianifolia (Kausik, 1938), L. pyramidalis Wallich (Subramanyam, 1949),

L. siphilitica (Crete, 1938a), and L. trigona (Kausik, 1935). Polyembryony has

been reported in L. siphilitica (Cr6te, 1938b).

Brewbaker reported that the pollen is binucleate when shed in five species

of Lobelia, including L. cardinalis, and indicated that Schnarf’s report of a

trinucleate condition in the extraregional L. nicotianifolia needed to be verified.

Nevertheless, trinucleate pollen was indicated for this species by Kausik (1 938),

for L. cardinalis by Cooper, and for the extraregional L. pyramidalis by Su-

bramanyam (1949). Hewitt determined that the pollen of L. amoena is bi-

nucleate, although only fragments (if anything) remain of the tube nucleus at

anthesis.

The pollen of Lobelia cardinalis is deeply tricolpate and reticulate (Martin

& Drew), and essentially the same has been reported for L. amoena (Hewitt).

The pollen tubes of L. siphilitica were found by Halsted (1886) to be variously

expanded at the tips in material growing through the style, evidently in contrast

to the usual condition in Lobelia, and the same was also later observed in L.

cardinalis among pollen grains germinated in a sugar solution (Halsted, 1887).

The tips of pollen tubes of L. amoena grown in a sugar solution were not

expanded in illustrations provided by Hewitt, suggesting that tip expansion is

not artificial and perhaps even indicative of a relationship between L. cardinalis

and L. siphilitica.

Seed germination was studied in several species of Lobelia by Muenscher.

Light was required by L. inflata, L. siphilitica, and L. cardinalis, but not by

several extraregional species. However, although some of the seeds of L. inflata

germinated after one year, all those obtained from L. cardinalis or L. siphilitica

were dormant. Muenscher suggested that since the seeds of all species were air

dried upon harvesting, an additional dormancy was induced in L. cardinalis
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year,

Lobeline has also been

Shah etal).



ARNOLDARBORETUM [vol. 67

from Lobelia cardinalis L. Jour. Chem. Soc. Perkin Trans. I. 1973: 140-144. 1973.

. Phylogenetic relationships of twenty-one species of Lobelia L. section L

Bull. Torrey Bot. Club 86: 94-108. 1959b.

. Tn





JOURNALOFTHEARNOLDARBORETUM [vol. 67



ANDCAMPANULACEAE 63



64 JOURNALOFTHEARNOLDARBORETUM [vol. 67

Witherspoon, J. T. Rediscovery of a hybrid Lobelia (Campanulaceae) in Missouri.

Southwest. Nat. 19: 329. 1974.

Ydrac, F. L. Sur l’appareil laticifere des Lobeliacees. Jour. Bot. Morot 19: 1 2-20. 1905.

[Includes detailed account of latex system.]

Young, T. P. Bird visitation, seed-set, and germination rates in two species of Lobelia

on Mount Kenya. Ecology 63: 1983-1986. 1982. [Placed in subg. Tupa by Wimmer
(unilabiate corollas).]


